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(57) ABSTRACT 

The present invention provides a linear motor 1 that can 
prevent a magnet member 2 from falling doWn When a 
poWer supply is turned o?“. A linear motor 1 includes a 
magnet member 2 composed of permanent magnets having 
alternately arranged respective N poles and S poles and a 
coil member 3 Which surrounds a periphery of the magnet 
member 2 and trough Which the magnet member 2 is 
movable in an axial direction relative to the coil member 3. 
A magnetic substance 3 is provided in the vicinity of one end 
of the coil member 3 to alloW the magnet member 2 to exert 
a magnetic attractive force. 
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LINEAR MOTOR AND MACHINE TOOL 
HAVING THE SAME MOUNTED THEREON 

FIELD OF THE INVENTION 

[0001] The present invention relates to a linear motor and 
a machine tool such as a press machine in Which the linear 
motor is mounted. 

BACKGROUND OF THE INVENTION 

[0002] A conventionally proposed linear motor comprises 
a magnet member composed of round-shaft-like permanent 
magnets having alternately arranged respective N poles and 
S poles, and a coil member having a plurality of coils 
arranged in an axial direction so as to surround the periphery 
of the magnet member (for example, the Unexamined Japa 
nese Patent Application Publication (Tokkai-Hei) No. 
10-3 13 5 66). 
[0003] The linear motor disclosed in the Unexamined 
Japanese Patent Application Publication (Tokkai-Hei) No. 
10-313566 is used, for example, in OA equipment or the like 
in place of a combination of a rotary motor and a ball screW. 
HoWever, using the linear motor in a machine tool such as 
a press machine Which makes direct-acting motion also 
results in a simple con?guration and enhanced controllabil 
ity. 
[0004] Where the linear motor is used in a press machine 
or the like, When, for example, a movable portion such as a 
ram is stopped at an elevation standby position, the movable 
portion can desirably be stopped Without falling doWn even 
though a motor poWer supply is turned off for poWer saving 
or the like. Further, even if the poWer supply is not turned 
off at the elevation standby position, for safety, the movable 
portion such as the ram is preferably prevented from falling 
doWn inadvertently and maintains the stopped position When 
a poWer supply system becomes defective. To prevent the 
possible fall-doWn, it is possible to use a spring or an air 
cylinder. HoWever, this disadvantageously increases the 
number of parts required, complicating the structure. 
[0005] An object of the present invention is to provide a 
linear motor that can use a simple con?guration to prevent 
the magnet member from moving inadvertently When the 
poWer supply is turned off. Another object of the present 
invention is to provide a linear motor that can use a simple 
con?guration to prevent the magnet member from falling 
doWn When the poWer supply is turned o?‘. Yet another 
object of the present invention is to provide a linear motor 
control device Which can prevent the magnet member from 
falling doWn When the poWer supply is turned off and during 
operation, inhibit fall-doWn preventing means from impos 
ing excess loads during operation. Still another object of the 
present invention is to provide a linear motor mounted 
machine tool Which has a simple structure oWing to the need 
for a reduced number of parts required and Which can be 
prevented from operating inadvertently When the poWer 
supply is turned o?‘, improving safety. 

SUMMARY OF THE INVENTION 

[0006] A linear motor in accordance With the present 
invention comprises a magnet member composed of perma 
nent magnets having respective N poles and S poles alter 
nately arranged in a predetermined axial direction, a coil 
member Which is located orthogonally to the axial direction 
With respect to the magnet member and through Which the 
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magnet member is movable in the axial direction relative to 
the coil member, and a magnetic substance located in the 
vicinity of one end of the coil member to alloW the magnet 
member to exert a magnetic attractive force. The predeter 
mined axial direction may be a vertical direction, a hori 
Zontal direction, or an oblique direction. 
[0007] With this con?guration, When the magnet member 
is positioned in association With the magnetic substance, 
even if an excitation current for the coil member is inter 
rupted, the current position of the magnet member is held by 
a magnetic attractive force generated betWeen the magnet 
member, composed of the permanent magnets, and the 
magnetic substance. Alternatively, the magnet member 
moves to and remains at a position Where the magnetic 
attractive force acting betWeen the magnet member and the 
magnetic substance is balanced With an external force such 
as gravity Which acts on the magnet member. 

[0008] Further, the only requirement is the provision of the 
magnetic substance. The linear motor in accordance With the 
present invention thus has a simpler con?guration than a 
linear motor having current position holding means such as 
a spring or a cylinder device. Thus, the simple con?guration 
can be used to prevent the magnet member from moving 
inadvertently When the poWer supply is turned o?‘. 
[0009] In the present invention, the predetermined axial 
direction may be a vertical direction, and the magnet mem 
ber may be a movable-side member, Whereas the coil 
member may be a static-side member. Further, the magnetic 
substance may be located in the vicinity of an upper end of 
the coil member to inhibit the magnet member from falling 
doWn. This con?guration can prevent the magnet member 
from falling doWn inadvertently. 
[0010] Where the magnetic substance is thus located in the 
vicinity of the upper end of the coil member, the magnetic 
substance is preferably installed at a height such that With 
the magnet member moved to a top dead center With respect 
to the coil member, the center of the vertical Width of the 
magnetic substance is positioned in the vicinity of a center 
position of the vertical Width betWeen any magnetic poles of 
the N poles and the S poles alternately arranged in the 
magnet member. Where the magnet member has a plurality 
of unit magnets having respective N poles and S poles, and 
stacked so that the magnetic poles of the same polarity lie 
opposite each other, the position of a repulsion surface that 
is an overlapping surface on Which the same polarities of the 
unit magnets overlap coincides With the center position of 
the vertical Width betWeen the magnetic poles. 
[0011] A magnetic ?eld generated by the magnet member 
having the alternately arranged N poles and S poles has the 
highest magnetic ?ux density at the center of the magnetic 
pole Width betWeen the magnetic poles. The magnet member 
having the stacked unit magnets as described above has the 
highest magnetic ?ux density at the repulsion surface. Thus, 
When the magnetic substance is located at the magnetic pole 
center of the magnet member or at the height position 
corresponding to the repulsion surface, the greatest magnetic 
attractive force is exerted betWeen the magnetic substance 
and the magnet member. This alloWs the magnetic sub stance 
to reliably prevent the magnet member from falling doWn. 
That is, With the magnetic substance located in the vicinity 
of the upper end of the coil member, Where the magnet 
member is positioned at the top dead center, even if the 
magnetic substance is located at a height position lying 
opposite the magnet member, an insuf?cient magnetic 
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attractive force may be exerted to inhibit the magnetic 
substance from preventing the possible fall-doWn of the 
magnet member Where the magnetic substance is positioned 
aWay from the magnetic pole center or repulsion surface of 
the magnet member. 
[0012] Even Where the linear motor uses the same magnet 
member, provided that the magnetic substance is located in 
the vicinity of the center position of the vertical Width 
betWeen the magnetic poles of the magnet member or the 
repulsion surface of the magnet member, a great magnetic 
attractive force is exerted to enable the fall-doWn prevention. 
Where the magnetic substance is provided at the magnetic 
pole center of the magnet member or at a height in the 
vicinity of the repulsion surface, the magnetic substance is 
preferably located at a position Within a steady-state opera 
tion area of the magnet member Which is free from cogging. 
This may be achieved by, for example, setting the steady 
state operation area of the magnet member Within a range 
equal to or shorter than a cogging occurrence period. 

[0013] In the present invention, the magnet member may 
be shaped like a shaft, and the coil member may be shaped 
like a cylinder having a plurality of coils arranged in the 
axial direction and surrounding a periphery of the magnet 
member. The linear motor composed of the shaft-like mag 
net member and the cylindrical coil member has a compact 
con?guration and exerts a great thrust. The magnetic sub 
stance in accordance With the present invention can also be 
provided in the linear motor composed of the shaft-like 
magnet member and the cylindrical coil member to provide 
a function for holding the current position or preventing 
fall-doWn. 
[0014] A linear motor control device 30 in accordance 
With the present invention controls the linear motor 1 in 
accordance With the present invention in Which the prede 
termined axial direction is a vertical direction and in Which 
the magnet member 2 is a movable-side member, Whereas 
the coil member 3 is a static-side member and in Which the 
magnetic substance 13 is located in the vicinity of the upper 
end of the coil member 3. The linear motor control device 30 
controls an excitation current for the coil member 3 of the 
linear motor 1 to control operation of the magnet member 2 
of the linear motor 1, and has steady-state operation area 
moving-forward and -backWard control means 31 for per 
forming control such that the magnet member 2 performs a 
moving-forward and -backWard operation Within a steady 
state operation area R2 positioned beloW a fall-doWn inhi 
bition enabled area R1 that is a height area in Which the 
magnetic substance 13 inhibits the magnet member 2 from 
falling doWn, and operation start and stop control means 32 
for performing control such that the magnet member 2 
operates over the steady-state operation area R2 and the 
fall-doWn inhibition enabled area R1 and stops in the 
fall-doWn inhibition enabled area R2. With this con?gura 
tion, the linear motor 1 is stopped When the magnet member 
2 is located in the fall-doWn inhibition area R1, the height 
area in Which the magnetic substance 13 inhibits the magnet 
member 2 from falling doWn. 
[0015] Consequently, even if a poWer supply for the coil 
member 3 is turned olf during a stopped state or the poWer 
supply is inadvertently interrupted during the stopped state 
With the poWer supply kept on, the magnet member 2 is 
prevented from falling doWn. When the magnet member 2 
performs a moving-forward or -backWard operation, the 
magnet member 2 performs the operation in the steady-state 
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operation area R2, located beloW the fall-doWn inhibition 
enabled area R1. This prevents the magnetic substance 13 
from resisting the operation or reduces the degree to Which 
the magnetic substance 13 resists the operation. The linear 
motor control device 30 can thus prevent the magnet mem 
ber 2 from falling doWn When the poWer supply is turned olf. 
Further, during operation, the linear motor control device 
can prevent the fall-doWn preventing means from imposing 
excess loads. 

[0016] A linear motor mounted machine tool in accor 
dance With the present invention comprises a linear motor in 
accordance With the present invention having any of the 
above con?gurations and a movable portion that is driven 
forWard and backWard by the linear motor to move a tool or 
a Workpiece. The term “machine tool” as used herein is not 
limited to machinery such as a lathe Which performs a 
machining operation but refers to a machine tool in a broad 
sense indicating machines in general Which process articles, 
and the machine tool includes a punch press and other press 
machines. With this con?guration, the movable portion 
moving forWard and backWard is driven by the linear motor. 
In contrast to a machine tool using a rotary motor, the 
present machine tool eliminates the need for a mechanism 
converting rotation into rectilinear motion. This enables a 
reduction in the number of parts required, simplifying the 
structure. Further, the use of the linear motor in accordance 
With the present invention avoids the inadvertent fall-doWn 
of the magnet member When the poWer supply is turned olf, 
improving safety. 
[0017] The linear motor in accordance With the present 
invention comprises the magnet member composed of the 
permanent magnets having the respective N poles and S 
poles alternately arranged in the predetermined axial direc 
tion, the coil member Which is located orthogonally to the 
axial direction With respect to the magnet member and 
through Which the magnet member is movable in the axial 
direction relative to the coil member, and the magnetic 
substance located in the vicinity of one end of the coil 
member to alloW the magnetic attractive force of the magnet 
member to act. This makes it possible to use the simple 
con?guration to prevent the magnet member from moving 
inadvertently When the poWer supply is turned off. 
[0018] Where the predetermined axial direction is the 
vertical direction, and the magnet member is the movable 
side member, Whereas the coil member is the static-side 
member and Where the magnetic substance is located in the 
vicinity of the upper end of the coil member to inhibit the 
magnet member from falling doWn, the simple con?guration 
can be used to prevent the magnet member from falling 
doWn inadvertently When the poWer supply is turned off. 
[0019] Where the predetermined axial direction is the 
vertical direction, and the magnet member is the movable 
side member, Whereas the coil member is the static-side 
member and Where the magnetic substance is located in the 
vicinity of the upper end of the coil member, Where the 
magnetic substance is installed at the height such that With 
the magnet member moved to the top dead center With 
respect to the coil member, the center of the vertical Width 
of the magnetic substance is positioned in the vicinity of a 
center position of the vertical Width betWeen any magnetic 
poles of the N poles and S poles alternately arranged in the 
magnet member, the magnet member is more reliably pre 
vented from falling doWn. 
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[0020] Where the magnet member is shaped like the shaft, 
and the coil member is shaped like the cylinder having the 
plurality of coils arranged in the axial direction and sur 
rounding the periphery of the magnet member, a high output 
can be obtained using the compact con?guration. This 
con?guration is also effective for preventing the possible 
inadvertent movement or fall-doWn When the poWer supply 
is turned off as described above. 

[0021] The linear motor control device in accordance With 
the present invention controls the excitation current for the 
coil member of the linear motor to control operation of the 
magnet member of the linear motor, and has the steady-state 
operation area moving-forward and -backWard control 
means for performing control such that the magnet member 
performs the moving-forward and -backWard operation 
Within the steady state operation area positioned beloW the 
fall-doWn inhibition enabled area that is the height area in 
Which the magnetic substance inhibits the magnet member 
from falling doWn, and the operation start and stop control 
means for performing control such that the magnet member 
operates over the steady-state operation area and the fall 
doWn inhibition enabled area and stops in the fall-doWn 
inhibition enabled area. This makes it possible to prevent the 
magnet member from falling doWn When the poWer supply 
is turned off. 

[0022] Further, during operation, the linear motor control 
device can prevent the fall-doWn preventing means form 
imposing excess loads. 

[0023] The linear motor mounted machine tool in accor 
dance With the present invention comprises the linear motor 
in accordance With the present invention and the movable 
portion that is driven forWard and backWard by the linear 
motor to move the tool or the Workpiece. This enables a 
reduction in the number of parts required, simplifying the 
structure. The linear motor mounted machine tool also 
makes it possible to avoid the possible inadvertent operation 
When the poWer supply is turned o?‘, improving safety. 
[0024] Other features, elements, processes, steps, charac 
teristics and advantages of the present invention Will become 
more apparent from the folloWing detailed description of 
preferred embodiments of the present invention With refer 
ence to the attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a vertical sectional vieW of a linear motor 
in accordance With a ?rst embodiment of the present inven 
tion. 

[0026] FIG. 2 is an exploded perspective vieW of a coil 
member in the linear motor. 

[0027] FIG. 3 is a sectional vieW of the linear motor taken 
along line III-III in FIG. 1. 
[0028] FIG. 4 is a vertical sectional vieW of a linear motor 
in accordance With another embodiment of the present 
invention. 
[0029] FIG. 5 is a combination of a block diagram of the 
conceptual con?guration of a linear motor control device 
controlling the linear motor in accordance With the embodi 
ment shoWn in FIG. 4 and a diagram illustrating the opera 
tion of the linear motor control device. 

[0030] FIG. 6 is a vertical sectional vieW shoWing that a 
linear motor in accordance With yet another embodiment of 
the present invention has elevated to a top dead center. 
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[0031] FIG. 7 is a vertical sectional vieW shoWing that the 
linear motor in accordance With the embodiment shoWn in 
FIG. 6 has loWered to a bottom dead center. 
[0032] FIG. 8 is a side vieW of a press machine that is a 
machine tool using the linear motor in accordance With an 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0033] A ?rst embodiment of the present invention Will be 
described With reference to FIG. 1 to FIG. 3. 
[0034] A linear motor 1 comprises a magnet member 2 
composed of permanent magnets having N poles and S poles 
alternately arranged in a predetermined axial direction, and 
a coil member 3 that surrounds the periphery of the magnet 
member 2 and through Which the magnet member 2 is 
movable in the axial direction relative to the coil member 3. 
The coil member 3 serves as a stator, and the magnet 
member 2 serves as a moving member. 
[0035] The magnet member 2 has a magnet member main 
body 211 composed of a permanent magnet 2a and sliders 4, 
5 attached to the opposite ends of the magnet member main 
body 211. 
[0036] The coil member 3 is con?gured as a coil unit 
having a plurality of cylindrical coils 6 arranged in the axial 
direction so as to surround the periphery of the magnet 
member 2. The plurality of coils 6 are accommodated in a 
common cylindrical coil case 7, and caps 8, 9 are attached 
to the respective ends of the coil case 7 to constitute the coil 
member 3. 
[0037] Ring-like radiator plates 11 are each interposed 
betWeen the coils 6. The radiator plates 11 are also arranged 
at the opposite ends of the arrangement of the coils 6. The 
radiator plates 11 are in contact With an inner peripheral 
surface of the coil case 7. Each of coils 6 is located around 
the outer periphery of a common cylindrical coil bobbin 10. 
The coils 6 are axially inserted into the coil case 7 With the 
coil bobbin 10 already inserted therein. The plurality of coils 
6 are molded inside the coil case 7 together With the radiator 
plates 11 for integration. Wires 14 (see FIG. 2) connecting 
the plurality of coils 6 together are taken out through a 
connecting opening 15 formed in the coil case 7. The 
connecting opening 15 is formed like a slot extending in the 
axial direction across a plurality of the coils 6. 
[0038] As shoWn in FIG. 1, a cylindrical bush 12 is 
provided inside the inner periphery of each of the caps 8, 9 
attached to the respective ends of the coil case 7; the 
cylindrical bushes 12 serve as sliding bearings that are 
slidably ?tted around respective sliders 4, 5 attached to the 
corresponding ends of the magnet member 2. The caps 8, 9 
are shaped like cylinders each having a stepped inner 
peripheral surface, and the sliders 4, 5 are shaped like shafts 
each having a stepped outer peripheral surface. The bush 12 
is provided inside a larger-diameter-side inner peripheral 
surface of each of the caps 8, 9. The bush 12 holds a very 
small gap that alloWs the magnet member 2 and the coil 
member 3 to move relative to each other. That is, the very 
small gap for axial movement is held betWeen the an inner 
peripheral surface of the coil bobbin 10 for the coils 6 and 
an outer peripheral surface of the magnet member 2, and 
betWeen each of the outer peripheral surfaces of smaller 
diameter portions 4a, 5a of the sliders 4, 5 attached to the 
opposite ends of the magnet member 2 and the smaller 
diameter-side inner peripheral surfaces 8a, 9a of the caps 8, 
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9. The means for holding the gap between the magnet 
member 2 and the coil member 3 need not necessarily 
comprise any linear motor. Equipment utilizing the linear 
motor may have the gap holding means. 
[0039] The coil member 3 has a magnetic substance 13 
located at an end of the arrangement of the coils 6 to allow 
the magnet member 2 to exert a magnetic attractive force. 
The magnetic substance 13 is shaped like a ring having an 
inner diameter allowing the magnetic substance 13 to be 
loosely ?tted around the outer periphery of the magnet 
member 2. The magnetic substance 13 is composed of iron 
or another ferromagnetic substance. In the present embodi 
ment, the magnetic substance 13 is embedded around the 
inner peripheral surface of the cap 8. The axial position of 
the magnetic substance 13 is such that even though, for 
example, the magnet member 2 moves relative to the coil 
member 3, the magnetic substance 13 is always located 
around the periphery of the magnet member 2. 
[0040] A forcible cooling section 16 is provided around 
the outer periphery of the coil case 7. The forcible cooling 
section 16 is composed of a plurality of cooling pipes 17 
arranged at equal intervals in a circumferential direction and 
each extending in the axial direction. The opposite ends of 
each cooling pipe 17 are in communication with annular 
aggregate paths 20, 21 provided in the respective caps 8, 9 
at the opposite ends of the coil case 7. The aggregate paths 
20, 21 are connected to circulation devices (not shown in the 
drawings) for a cooling liquid. 
[0041] In the linear motor 1 con?gured as described 
above, the coil member 3 has the magnetic substance 13, 
which is located opposite the magnet member 2. Thus, even 
if an excitation current for the coils 6 in the coil member 3 
is interrupted, a magnetic attractive force is generated 
between the magnet member 2, composed of the permanent 
magnets, and the magnetic substance 13 to prevent the 
magnet member 2 from falling down. At this time, the 
magnet member 2 holds the current position or moves to and 
remains at a position where the magnetic attractive force 
acting between the magnet member 2 and the magnetic 
substance 13 is balanced with an external force such as 
gravity which acts on the magnet member 2. In this case, the 
only requirement is the provision of the magnetic substance 
13. The linear motor 1 thus has a simpler con?guration than 
a linear motor having means for holding the current position 
such as a spring or a cylinder device. Thus, the simple 
con?guration can be used to prevent the magnet member 
from moving inadvertently when the power supply is turned 
off. 

[0042] FIG. 4 shows another embodiment of the present 
invention. In the present embodiment, the axial position of 
the magnetic substance 13 is such that when the magnet 
member 2 moves downward relative to the coil member 3, 
the magnetic substance 13 falls outside the range of the 
magnets of the magnet member 2. The other arrangements of 
the present invention are similar to those of the ?rst embodi 
ment, shown in FIG. 1 to FIG. 3. 

[0043] In the present embodiment, when the magnet mem 
ber 2 is stopped, the magnetic substance 13 is located around 
the outer periphery of the magnet member 2. When the 
magnetic substance 2 is driven forward or backward for 
processing, the magnet member 2 is moved forward or 
backward below and away from the magnetic substance 13. 
This allows the magnetic substance 13 to prevent the magnet 
member 2 from falling down when the power supply is 
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turned off. Further, while the magnet member 2 is being 
driven forward or backward, the magnetic attractive force 
acting on the magnetic substance 13 can be prevented from 
resisting the forward or backward driving. 
[0044] FIG. 5 shows a linear motor control device 30 
controlling the linear motor 1 in accordance with the 
embodiment shown in FIG. 4 as well as an example of a 
control operation. The linear motor control device 30 may be 
composed of an electronic circuit or composed of a com 
puter. The linear motor control device 30 controls an exci 
tation current for the coils 6 in the coil member 2 of the 
linear motor 1 to control the operation of the magnet 
member 2. 
[0045] The linear motor control device 30 has a steady 
state operation area moving-forward and -backward control 
means 31, and an operation start and stop control means 32. 
[0046] The steady-state operation area moving-forward 
and -backward control means 31 performs control such that 
the magnet member 2 moves forward and backward in a 
steady-state operation area R2 positioned below a fall-down 
inhibition enabled area R1 that is a height area in which the 
magnetic substance 13 prevents the magnet member 2 from 
falling down. The operation start and stop control means 32 
performs control such that the magnet member 2 operates 
over the steady-state operation area R2, and the fall-down 
inhibition enabled area R1 and stops in the fall-down 
inhibition enabled area R1. 

[0047] Where, for example, an instruction to move the 
magnet member 2 forward or backward a number of times 
is externally input to the linear motor control device 30, the 
linear motor control device 30 allows the operation start and 
stop control means 32 to provide the coil member 3 with an 
excitation current required to lower the magnet member 2 
from a predetermined elevation standby position (for 
example, a position shown in FIG. 5A in the fall-down 
inhibition enabled area R1 to the steady-state operation area 
R2. The linear motor control device 30 subsequently allows 
the operation start and stop control means 32 to output an 
excitation current for lowering or elevation so as to elevate 
or lower the magnet member 2 by an instructed number of 
times within the steady-state operation area R2. FIG. 5B 
shows that the magnet member 2 is located at an upper end 
of the steady-state operation area R2. FIG. 5C shows that the 
magnet member 2 is located at a lower end of the steady 
state operation area R2. After the instructed number of 
lowering or elevating operations, the linear motor control 
device 30 again allows the operation start and stop control 
means 32 to elevate and return the magnet member 2 to the 
predetermined elevation standby position in the fall-down 
inhibition enabled area R1. 

[0048] With this control, even if the power supply for the 
coil member 3 is turned off during a stopped state or the 
power supply is inadvertently interrupted during the stopped 
state with the power supply kept on, the magnetic attractive 
force of the magnet member 2 acting on the magnetic 
substance 13 prevents the magnet member 2 from falling 
down. When the magnet member 2 performs a moving 
forward or -backward operation, the magnet member 2 
performs the operation in the steady-state operation area R2, 
located below the fall-down inhibition enabled area R1. This 
prevents the magnetic substance 13 from resisting the opera 
tion or reduces the degree to which the magnetic substance 
13 resists the operation. The linear motor control device can 
thus prevent the magnet member 2 from falling down when 
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the power supply is turned off. Further, during operation, the 
linear motor control device can prevent the fall-doWn pre 
venting means from imposing excess loads. 
[0049] FIG. 6 and FIG. 7 shoW yet another embodiment of 
the present invention. 
[0050] The present embodiment corresponds to the ?rst 
embodiment, shoWn in FIG. 1 to FIG. 3, in Which a magnet 
member main body 211 of the magnet member 2 is composed 
of a plurality of unit magnets 211a having respective N poles 
and S poles, and stacked so that the magnetic poles of the 
same polarity lie opposite each other. Since an overlapping 
surface at Which the magnetic poles of the same polarity 
overlap constitutes a repulsion surface, the plurality of unit 
magnets 21111 are coupled together against the magnetic 
repulsion Forces of the repulsion surfaces. The coupling is 
achieved by, for example, a bolt (not shoWn in the draWings) 
inserted through the unit magnets. 
[0051] Further, in the present embodiment, the magnetic 
substance 13 is installed in the vicinity of the upper end of 
the coil member 3. HoWever, the magnet member 2 and the 
magnetic substance 13 are arranged at respective height 
positions that are in a relationship described beloW. That is, 
as shoWn in FIG. 6, With the magnet member 2 moved to a 
top dead center With respect to the coil member 3, the 
magnetic substance 13 is installed at a height such that the 
center of the vertical Width of the magnetic substance 13 is 
positioned at the height position of a repulsion surface A that 
is an overlapping surface betWeen the highest unit magnet 
211a and the second highest unit magnet 21111 of the magnet 
member 2 or at a height position in the vicinity of the 
repulsion surface A. 
[0052] FIG. 7 shoWs that the magnet member 2 has 
loWered to a bottom dead center. The center of the vertical 
Width of the magnetic substance 13 is positioned substan 
tially midWay betWeen the S pole and the N pole of the unit 
magnet 211a. Thus, in the present embodiment, the coil 
member 3 is driven by the excitation current so as to elevate 
and loWer the magnet member 2 at a stroke substantially half 
the vertical thickness of the single unit magnet 211a. Further, 
the magnet member 2 has such a magnetic intensity as 
described beloW. Where the magnetic substance 13 corre 
sponds to the position betWeen the S pole and the N pole as 
shoWn in FIG. 7, the Weight of the magnet member 2 cannot 
be held by the magnetic attractive force. HoWever, Where the 
magnetic substance 13 corresponds to the height position of 
the repulsion surface A as shoWn in FIG. 6, the Weight of the 
magnet member 2 can be held. The other arrangements of 
the present embodiment are similar to those of the ?rst 
embodiment, shoWn in FIG. 1 to FIG. 3. 
[0053] The function of the present embodiment Will be 
described. A magnetic ?eld generated by the magnet mem 
ber 2 has the highest magnetic ?ux density at the repulsion 
surface A, the overlapping surface betWeen the unit magnets 
211a, and the loWest magnetic ?ux density at the position 
midWay betWeen the N pole and the P pole, corresponding 
to the center of the thickness of the unit magnet 21111. The 
magnetic attractive force exerted on the magnetic substance 
3 by the magnet member 2 Where the repulsion surface A 
betWeen the unit magnets 2aa is positioned With respect to 
the center of the vertical thickness of the magnetic sub stance 
13 as shoWn in FIG. 6 is, for example, about several times 
as great as that exerted on the magnetic substance 3 by the 
magnet member 2 Where the center of the thickness of the 
unit magnet 211a is located as shoWn in FIG. 7. 

Apr. 3, 2008 

[0054] Thus, by placing the magnetic substance 13 at the 
height position corresponding to the repulsion surface A 
Where the magnet member 2 is located at the top dead center, 
it is possible to exert the greatest magnetic attractive force 
betWeen the magnetic substance 13 and the magnet member 
2. This alloWs the magnetic substance 13 to reliably prevent 
the magnet member 2 from falling doWn. The magnet 
member 2 is held at the top dead center. 

[0055] Where the magnetic substance 13 is provided to 
prevent the magnet member 2 from falling doWn as 
described above, the location of the magnetic substance 13 
and the stroke range of the magnet member 2 are preferably 
set so as to prevent cogging during the steady-state operation 
of the linear motor 1. This may be achieved by setting the 
steady-state operation area R2 of the magnet member 2 
Within a range equal to or shorter than a cogging occurrence 
period. The present embodiment drives the coil member 3 by 
the excitation current so as to elevate and loWer the magnet 
member 2 at a stroke substantially half the vertical thickness 
of the single unit magnet 21111. This makes it possible to 
prevent possible cogging. 
[0056] Even With the positional relationship betWeen the 
magnet member 2 and the magnetic substance 13 in accor 
dance With the present embodiment, it is possible to use the 
control performed by the linear motor control device 30, 
having the steady-state operation area moving-forWard and 
-backWard control means 31 and the operation start and stop 
control means 32, described above With reference to FIG. 5. 
In this case, for example, Where the range Within Which the 
repulsion surface A betWeen the highest magnet member 21111 
and the second highest magnet member 21111 is Within the 
vertical Width of the magnet member 13 corresponds to the 
fall-doWn inhibition enabled area R1, in Which the magnetic 
substance 13 inhibits the magnet member 2 from falling 
doWn, the steady-state operation area R2 corresponds to the 
range from a position Where the repulsion surface A is 
located beloW and aWay from a bottom surface of the 
magnetic substance 13 to the bottom dead center in FIG. 7. 

[0057] In the embodiment shoWn in FIG. 6 and FIG. 7, the 
magnetic substance 13 is located at the position correspond 
ing to the repulsion surface A betWeen the highest unit 
magnet 211a and the second highest unit magnet 211a of the 
magnet member 2. HoWever, the magnetic substance 13 may 
be located at a position corresponding to the repulsion 
surface A betWeen other unit magnets 211a. Further, to 
increase the attractive force, a plurality of magnetic sub 
stances 13 may be provided in association With a plurality of 
different repulsion surfaces A. 

[0058] Furthermore, the magnet member 2 is not limited 
to the plurality of stacked unit magnets 211a but may be a 
single integral bar-like permanent magnet having a plurality 
of N poles and S poles alternately provided along a longi 
tudinal direction. In this case, With the magnet member 2 
moved to the top dead center, the magnetic substance 13 is 
installed at a height such that the center of the vertical Width 
of the magnetic substance 13 coincides With the center 
position of the vertical Width betWeen any magnetic poles of 
the alternately arranged N poles and S poles or a height 
position in the vicinity of the center position. Where, for 
example, the magnet member 2 shoWn in FIG. 6 is consid 
ered to be an integral magnet, the center of the vertical Width 
betWeen the magnetic poles corresponds to the position of 
each repulsion surface A. 
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[0059] FIG. 8 shows a press machine that is an example of 
a machine tool using the linear motor as a driving source. 
The press machine has tool supports 42, 43 and a Workpiece 
feeding mechanism 44 installed in a loWer part of a frame 
41, and a press mechanism 45 installed in an upper part of 
the frame 41 as a press driving source and using the linear 
motor 1. 
[0060] The tool supports 42, 43 are composed of an upper 
turret and a loWer turret, respectively, Which are concentri 
cally installed. Punch tools and die tools are mounted on the 
upper and loWer tool supports 42, 43, respectively, at a 
plurality positions in a circumferential direction. The tool 
supports 42, 43 are rotated to index any of the punch tools 
and the die tools to a predetermined punch position P. The 
Workpiece feeding mechanism 44 uses a Work holder 47 to 
grip an edge of a plate-like Workpiece W and moves the 
Workpiece W forWard, backward, rightWard, or leftWard on 
a table 48. 

[0061] The press mechanism 45 supports a ram 49 elevat 
ing and loWering the punch tool indexed to the punch 
position P on the tool support 42 so that the ram 49 can be 
freely elevated and loWered by a ram guide 50. The press 
mechanism 45 thus drivingly elevates and loWers the ram 49 
by means of the linear motor 1. The coil member 3 of the 
linear motor 1 is ?xed to the frame 41. The magnet member 
2 of the linear motor 1 is ?xed to the ram 49, Which is a 
movable portion. The linear motor 1 used may be, for 
example, the ?rst embodiment, described above With refer 
ence to FIG. 1 to FIG. 3 or the embodiment shoWn in FIG. 
4. Where the linear motor 1 in accordance With the embodi 
ment shoWn in FIG. 4 is used, the linear motor control 
device 30 shoWn in FIG. 5 may be used. 
[0062] The press machine con?gured as described above 
uses the linear motor 1 as a press driving source. Thus, the 
press machine eliminates the need for a mechanism con 
verting rotation into the rectilinear motion of the ram 49 
compared to a press machine using a rotary motor. The press 
mechanism 45 thus has a reduced number of parts and thus 
a simpli?ed con?guration. The present press machine also 
eliminates the need for a hydraulic unit compared to a press 
machine using a hydraulic cylinder as a press driving source. 
This simpli?es the con?guration. Furthermore, the linear 
motor 1 has a high positional accuracy, enabling processing 
With improved quality and accuracy. Additionally, the linear 
motor 1 used for the press machine in accordance With the 
present embodiment comprises the fall-doWn preventing 
function of alloWing the magnetic substance 13 (FIG. 1) to 
prevent the magnet member 2 from falling doWn as 
described above. This also improves the safety of the press 
machine. 
[0063] The linear motor 1 in accordance With the present 
invention is not limited to a ring-shaped type in Which the 
coil member 3 surrounds the magnet member 2. In the linear 
motor 1, for example, the magnet member 2 may be located 
parallel to the coil member 3. Further, the linear motor 1 in 
accordance With the present invention can be used not only 
in the press machine but also in machine tools in general 
comprising a movable portion moving tools or Workpieces, 
to drive the movable portion. Moreover, the linear motor 1 
in accordance With the present invention can be used as a 
driving source not only for machine tools but also for 
various types of equipment. 
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[0064] While the present invention has been described 
With respect to preferred embodiments thereof, it Will be 
apparent to those skilled in the art that the disclosed inven 
tion may be modi?ed in numerous Ways and may assume 
many embodiments other than those speci?cally set out and 
described above. Accordingly, it is intended by the appended 
claims to cover all modi?cations of the present invention 
that fall Within the true spirit and scope of the invention. 

1. A linear motor characterized by comprising a magnet 
member composed of permanent magnets having respective 
N poles and S poles alternately arranged in a predetermined 
axial direction, a coil member Which is located orthogonally 
to said axial direction With respect to the magnet member 
and through Which said magnet member is movable in the 
axial direction relative to the coil member, and a magnetic 
substance located in the vicinity of one end of the coil 
member to alloW the magnet member to exert a magnetic 
attractive force. 

2. A linear motor according to claim 1, characterized in 
that said predetermined axial direction is a vertical direction, 
and said magnet member is a movable-side member, 
Whereas said coil member is a static-side member, and in 
that said magnetic substance is located in the vicinity of an 
upper end of the coil member to inhibit said magnet member 
from falling doWn. 

3. A linear motor according to claim 2, characterized in 
that said magnetic substance is installed at a height such that 
With the magnet member moved to a top dead center With 
respect to said coil member, the center of the vertical Width 
of the magnetic substance is positioned in the vicinity of a 
center position of the vertical Width betWeen any magnetic 
poles of the N and the S poles alternately arranged in the 
magnet member. 

4. A linear motor according to claim 1, characterized in 
that said magnet member is shaped like a shaft, and said coil 
member is shaped like a cylinder having a plurality of coils 
arranged in said axial direction and surrounding a periphery 
of said magnet member. 

5. A linear motor control device that controls an excitation 
current for a coil member of a linear motor according to 
claim 2 to control operation of the magnet member of said 
linear motor, the device being characterized by having 
steady-state operation area moving-forWard and -backWard 
control means for performing control such that said magnet 
member performs a moving-forWard and -backWard opera 
tion Within a steady state operation area positioned beloW a 
fall-doWn inhibition enabled area that is a height area in 
Which said magnetic substance inhibits said magnet member 
from falling doWn, and operation start and stop control 
means for performing control such that said magnet member 
operates over said steady-state operation area and fall-doWn 
inhibition enabled area and stops in said fall-doWn inhibition 
enabled area. 

6. A linear motor mounted machine tool characterized by 
comprising a linear motor according to claim 1 and a 
movable portion that is driven forWard and backWard by the 
linear motor to move a tool or a Workpiece. 


